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Small mammal communities in grasslands at the Grand Forks Air Force
Base, North Dakota, USA
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University of North Dakota, Starcher Hall Room 101,
10 Cornell Street Stop 9019, Grand Forks, ND 58202-9019 (LRL, KAY)
Bemidji State University, 1500 Birchmont Drive NE #27, Bemidji, MN 56601-2699, USA (EHR)
ABSTRACT Small mammals are important in grasslands but are often overlooked in management and reconstruction efforts.
We sampled small mammals in three sites on the Grand Forks Air Force Base (GFAFB) located in central Grand Forks County,
North Dakota, USA. The study sites varied in their management history and represented the three major types of grasslands
(reconstructed prairie, old field, and hay field) within Grand Forks County. We captured 463 individuals of six species with
Sherman live traps in summer (June, July, August) 2014 and 2015. We captured the most individuals and species (295 individuals
of 5 species), including all shrews (Sorex arcticus and Sorex spp.) and an ermine (Mustela erminea; a new record for GFAFB), in an
upland reconstructed prairie, and we captured the least in a lowland hay field (5 individuals of 1 species). Meadow voles (Microtus
pennsylvanicus) were captured most frequently (96% of individuals) and were affected marginally by changes in vegetation height
density over time. Our findings reinforce the notion that not all grasslands equally serve small mammals and that managers need
to focus on landscape-scale heterogeneity to support diverse small mammal communities in grasslands.
KEY WORDS Grand Forks Air Force Base, grassland management, hay field, fire management, small mammal abundance, North
Dakota, restored prairie, tallgrass prairie.
Small mammals play an important role in grasslands.
Herbivorous small mammals provide seed dispersal and
nutrient cycling services, insectivores regulate insect
populations, and both support grassland carnivores (Sieg
1987, Churchfield et al. 1991, Willson and Traveset 2000).
In the absence of fire and grazing, small mammals play a
key role in grassland nutrient cycling (Howe and Lane 2004,
Howe et al. 2006). These contributions to grassland function
vary as small mammal populations fluctuate within and
across years (Diffendorfer et al. 1999). One major factor that
affects small mammal presence and diversity in grasslands
is the temporal variation in vegetation structure and
composition that results from grassland management (Getz
1985, Kaufman and Kaufman 1990, Burel et al. 2004, Matlack
et al. 2008). As grasslands recover from haying, grazing,
and fire, the somewhat predictable change in vegetation
structure affects small mammal communities (Grant et al.
1982, Kaufman et al. 1990, Kaufman and Kaufman 2008).
Likewise, as grasslands are left idle and are invaded by nonnative or woody plant species, small mammal communities
transition toward species more tolerant of greater cover and
litter depth (Matlack et al. 2008). This gradation in grassland
types and management regimes exists in many landscapes
formerly dominated by tallgrass prairie and is particularly
notable among the grasslands of Grand Forks County in
northeastern North Dakota.
Historically, the northern most reaches of the tallgrass
prairie region extended into the Red River Valley of eastern
North Dakota and western Minnesota (Omernik and

Griffith 2014). Bordered by aspen parkland on the east and
drift plains on the west, this ecoregion is a transition zone
known to host plant species of eastern and western origins
(Ralston 1968). Small mammal communities of the region
were likewise comprised of species whose distributions
extended farther north and south (Iverson et al. 1967, Grant
and Birney 1979). In eastern North Dakota, grassland small
mammal communities include meadow vole (Microtus
pennsylvanicus), deer mouse (Peromyscus maniculatus),
meadow jumping mouse (Zapus hudsonius), short-tailed
shrew (Blarina brevicauda), masked shrew (Sorex cinereus)
or Hayden’s shrew (Sorex haydeni), Arctic shrew (Sorex
arcticus), western jumping mouse (Zapus princeps), and
house mouse (Mus musculus) (Whitaker 1972, Kirkland
and Schmidt 1996, Seabloom 2011). Grasslands close to
landfills or housing many also contain Norway rat (Rattus
norvegicus). Other species that may be captured but are
considered rare to uncommon (< 1/ha) are the prairie vole
(Microtus ochrogaster), pygmy shrew (Sorex hoyi), and
northern grasshopper mouse (Onychomys leucogaster).
It is well established that grassland management affects
small mammals. Populations of meadow voles, prairie voles,
and short-tailed shrews often decline following fire and
haying as a result of reduced plant litter and cover (Kaufman
et al. 1989, Clark and Kaufman 1990, Kaufman et al. 1990,
Neuhaus 2015). In contrast, Peromyscus spp. populations
often increase following fire and haying (Sietman et al. 1994,
Kaufman and Kaufman 2008, Neuhaus 2015). In the absence
of disturbance, grasslands become more homogeneous
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(Fuhlendorf et al. 2006, Gibson 2009) and are often invaded
by woody plant species (Kulmatiski and Beard 2013). Woody
growth often leads to a reduction in small mammal species
that are more commonly affiliated with grasses (Zimmerman
1992, Ratajczak et al. 2012). Given these species-specific
responses, it is not surprising that the highest landscape
diversity for plants and small mammals occurs when multiple
disturbances occur at different time scales (Zimmerman
1992, Fuhlendorf et al. 2006, Fuhlendorf et al. 2010), making
heterogeneity important to consider as we manage grassland
landscapes affected by grassland conversion and land use
changes.
The meadow vole is of particular interest when
considering comparative effects of grassland management
on small mammals. Meadow voles are herbivores and
serve as ecosystem engineers by selectively consuming
vegetation (legumes and cool-season grasses) and affecting
plant community composition (Howe et al. 2002, Howe et
al. 2006). When their populations are high, their collective
consumption of plant material has been thought to rival
effects of prescribed fire (French et al. 1975). Meadow voles
also serve as prey for many grassland predators such as barn
owls (Tyto alba), in some cases accounting for 55–84 %
of prey consumed (Colvin and McLean 1986). Given their
potentially large populations, meadow voles can also limit
other small mammal species through direct interactions and
indirect effects on cover and food availability (Wolff 1989,
Brady and Slade 2001).
Of all the common grassland small mammals, meadow
voles are particularly responsive to changes in grassland
structure. Their populations decrease in locations with
reduced litter depth, and they are often less abundant in hay
fields or grasslands the first growing season following fire
(LoBue and Darnell 1959, Klatt and Getz 1987, Kaufman
et al. 1990). Typically, meadow voles are more numerous
in grasslands with greater cover (Birney et al. 1976,
Getz 1985, Matlack et al. 2008). Because of their habitat
responsiveness and relatively high abundance, meadow
voles are particularly useful for assessing small mammal
response to grassland management. Our objective was to
compare the small mammal and meadow vole populations
among three common types of grasslands in northeastern
North Dakota and test the hypothesis that meadow voles are
more numerous at sites with greater vegetation density.
STUDY AREA
Grand Forks Air Force Base (hereafter GFAFB) is a
2,336-ha United States Air Force military installation located
approximately 24 km west of Grand Forks, North Dakota
(Fig. 1). The GFAFB is located in the Red River Valley of
eastern North Dakota within the boundaries of the historic
glacial Lake Agassiz (Wali et al. 1973). The soils at GFAFB
are composed mainly of Antler-Gilby-Svea, Bearden-Antler,
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Figure 1. Aerial photo of the eastern half of the Grand Forks
Air Force Base (North Dakota, USA; black dot, inset). We
trapped small mammals with trap arrays (white outlines)
in three large, non-restricted access grassland sites (black
outlines) in summer 2014 and 2015.
Hecla, and Ojata series formed in glacial till (Wali et al. 1973).
Like most soils within Grand Forks County, GFAFB’s soils
are poorly to moderately well drained and are moderately
saline to very strongly saline. Prior to European settlement,
tallgrass and mixed grass prairie were the dominant
vegetation types (Hadley and Buccos 1967, Redmann 1972,
Wali et al. 1973). Prior to the U.S. Department of Defense
purchasing the land in 1955, most of the lands that make
up GFAFB and the greater Grand Forks County had been
extensively tilled and cultivated (Redmann 1972).
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Currently, about half of the GFAFB land is not
developed, the majority of which is some type of grassland.
A 2008 vegetation survey noted that non-native species
including leafy spurge (Euphorbia esula) and Canada thistle
(Cirsium arvense) are prevalent throughout the base. Smooth
brome (Bromus inermis), quackgrass (Elymus repens), and
Kentucky bluegrass (Poa pratensis) were the most dominant
grasses (GFAFB 2010). The GFAFB Integrated Natural
Resources Management Plan regulates management of these
grasslands (Rundquist et al. 2005), and it includes goals
related to grassland reconstruction and management through
prescribed fire, mowing, and woody vegetation removal. For
this study, we sampled three distinct management areas that
are the largest accessible sites of their respective types on
the base.
The first grassland management area, listed as Area 10
or the Prairie View Nature Preserve in GFAFB documents
(hereafter reconstructed prairie), is a 17-ha upland site
reclaimed in 2000 after the demolition of a base housing
complex. This site is bordered to the north by a dense
shelterbelt (approximately 70 m wide). At the center of the
site is a 4.86-ha reconstructed upland prairie (centroid:
47.970889, -97.367101) ringed by the old housing development
roadways (Fig. 1). The site contains a mowed, gravel-base
walking path and a small butterfly garden at the western
entrance. After the soil surface was reclaimed, the site was
plowed and seeded in spring 2000 with a mixture of 11 native
grass cultivars (Millborn Seeds, Brookings, SD). The seed
mix included ‘Rosana’ western wheatgrass (Pascopyrum
smithii), ‘Lodorm’ green needlegrass (Nassella viridula),
‘Revenue’ slender wheatgrass (Elymus trachycaulus),
‘Dacotah’ switchgrass (Panicum virgatum), ‘Pierre’ sideoats
grama (Bouteloua curtipendula), ‘Bad River’ blue grama
(Bouteloua gracilis), ‘Itasca’ little bluestem (Schizachyrium
scoparium), ‘Bison’ big bluestem (Andropogon gerardii),
‘Tomahawk’ Indiangrass (Sorghastrum nutans), ‘Red River’
prairie cordgrass (Spartina pectinata), and ‘Mandan’ Canada
wildrye (Elymus canadensis). This site has been managed
with spring prescribed fire as per the GFAFB Wildland Fire
Management Plan on a four-year return interval (2004, 2008,
and 2012), and the species pool was further augmented with
a forb mixture broadcast-seeded and rolled after the spring
2004 burn (K. Rundquist, personal communication). Native
forbs include oval-leaf milkweed (Asclepias ovalifolia),
common milkweed (Asclepias syriaca), white prairie clover
(Dalea candida), purple prairie clover (Dalea purpurea),
black Samson (Echinacea angustifolia), Philadelphia
fleabane (Erigeron philadelphicus), common gaillardia
(Gaillardia aristata), wild licorice (Glycyrrhiza lepidota),
Maximilian sunflower (Helianthus maximiliani), black
medic (Medicago lupulina), wild bergamot (Monarda
fistulosa), common evening primrose (Oenothera biennis),
and blackeyed susan (Rudbeckia hirta) (GFAFB 2010).
The second grassland management area, listed as Area
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9 on GFAFB documents (hereafter old field), is an 18-ha
field (centroid: 47.949367, -97.359069; Fig. 1) also located
on a reclaimed housing complex. In this case, demolitions
were completed in 2010 and plant species were allowed to
naturally recolonize the site from the local propagule pool.
Old gravel roadbeds and the mature trees sporadically
distributed throughout the development remain on the site.
Smooth brome and Kentucky bluegrass are the dominant
grass species. Forbs include field pennycress (Thlaspi
arvense), false mayweed (Tripleurospermum maritimum),
bigbract verbena (Verbena bracteata), American vetch (Vicia
americana), sleepy silene (Silene antirrhina), oxeye daisy
(Leucanthemum vulgare), and lambsquarter (Chenopodium
album) (GFAFB 2010). The remaining trees and low shrubs
include Amur maple (Acer ginnala), paper birch (Betula
papyrifera), redosier dogwood (Cornus sericea), ponderosa
pine (Pinus ponderosa), prairie rose (Rosa arkansana), and
Siberian elm (Ulmus pumila) (GFAFB 2010). Additionally,
there are notable stands of Russian olive (Elaeagnus
angustifolia) and willow (Salix sp.) saplings. As a result, the
old field had the highest tree and shrub density of the three
sites. This site is also included in the GFAFB Wildland Fire
Management Plan and was most recently burned in spring
2013 (K. Rundquist, personal communication) prior to
our study. Additionally, portions were mowed for invasive
species in early August 2014 (sample year one; affected three
trap points) at a height of 7–14 inches (17.8–35.5 cm).
The final grassland area sampled, listed as Area 16
on GFAFB documents (hereafter hay field), is a 67.5-ha
(centroid: 47.936446, -97.374804) lowland wet prairie site
managed as a hay field since base inception (Fig. 1). The
site was most recently augmented in 2005 with a grass
mixture including big bluestem, little bluestem, Indiangrass,
switchgrass, sideoats grama, slender wheatgrass, Canada
wildrye, green needlegrass, and western wheatgrass
(GFAFB 2010). The dominant grasses identified during the
2008–09 vegetation survey were rough bentgrass (Agrostis
scabra), creeping bentgrass (Agrostis stolonifera), foxtail
barley (Hordeum jubatum), reed canarygrass (Phalaris
arundinacea), prairie cordgrass (Spartina pectinata),
prairie wedgescale (Sphenopholis obtusata), rough dropseed
(Sporobolus clandestinus), prairie dropseed (Sporobolus
heterolepis), and intermediate wheatgrass (Thinopyrum
intermedium) (GFAFB 2010). Currently, the area is hayed
once per year in late August or September.
METHODS
Small Mammal Sampling
We delineated a 260 × 160 m (4.16 ha) trapping area
positioned 20 m from edge features in each of the three sites
(Fig. 1). Within each trapping area, we established eight
parallel traplines spaced 20 m apart, and each consisted of
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25 trap points spaced 10 m apart (8 traplines × 25 traps/line
= 200 traps/site). We placed a Sherman live trap (5.08 × 6.35
× 16.51 cm) containing a ball of 100% cotton and baited
with a peanut butter-rolled oat mixture at each trap point
(Sikes and Gannon 2011). Traps were set for five consecutive
nights during each summer month (June, July, and August)
of 2014 and 2015 (3 months × 2 years = 6 sample times). For
each trapping night, we opened traps in the late afternoon
and checked them beginning a half hour before sunrise the
following morning (sprung traps were not recorded). We
recorded the species, sex, relative age (adult or subadult), and
breeding status (breeding or nonbreeding) of each individual
captured. Additionally, we recorded visible external
parasitism events by second and third instar bot fly larvae
(Cuterebra spp.) in August of both years. Bot fly parasitism
only occurred on individuals in the reconstructed prairie. We
determined an individual’s sex and breeding status through
visual examination of the vulva, mammary glands, and
testes. To identify animals recaptured within a consecutive
five-night period, we temporarily marked individuals with
permanent marker on their stomachs and released them at
their trap point. We did not quantify recaptures from month
to month. Over the course of two years we set 18,000 traps (3
sites × 8 traplines × 25 traps/line × 5 nights × 3 months × 2
years = 18,000 traps). All small mammals were captured and
handled in accordance with live capture guidelines outlined
by the American Society of Mammalogists (Sikes and
Gannon 2011) and approved by the Institutional Animal Care
and Use Committee at Bemidji State University (Reference
Number: BSU2015-003).
For each of the six trapping periods, we determined the
total number and the species richness of small mammals
captured within each trapline exclusive of recaptured
individuals (study average recapture rate = 11.99 ± 2.7%
per five-night period). Because two regional mouse (deer
mouse and white-footed mouse) and shrew (masked shrew
and Hayden’s shrew) species are indistinguishable in the
field (Hazard 1982, Seabloom 2011), individuals within each
genera were considered a single species for species richness
summations. Additionally, we calculated the sex ratio (total
males/total females for each site at each sample time),
fecundity ratio (nonbreeding females/breeding females),
and breeding ratio (breeding individuals/nonbreeding
individuals) for meadow voles, the most frequently captured
species (Carey and Wilson 2001). We excluded individuals
of unknown sex (14 of 419 captured meadow voles) from this
summarization.
Vegetation Sampling
We measured vegetation height density (visual
obstruction reading; VOR) at three randomly selected points
in each trapline during each trapping session using a 185cm modified Robel pole (Robel et al. 1970). Given the close
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proximity of trap points and the vegetation structure in
each site, this subsampling reasonably captured within-site
vegetation heterogeneity. We recorded vegetation density
(50% visibility) to the nearest 5 cm in each cardinal direction
at 1-m height and 4 m from the Robel pole on days when
the winds were less than 32.2 km/h (Robel et al. 1970). We
averaged the readings from the four cardinal directions for
each point and then averaged the three readings per trapline
to generate a single VOR value for each trapline.
Data Analysis
Because we captured so few additional individuals of
other species, our grassland comparison analysis focused
on meadow voles. To test for differences in meadow vole
captures among sites and over time, we used a generalized
linear mixed effects model (PROC GLIMMIX; SAS version
9.4, SAS Inc., Cary, NC, USA). We included site and
sampling time as fixed effects and natural log transformed
vegetation height density as a covariate. To account for
repeated measures on each trapline, we included a random
term (i.e., trapline nested in site). Because only five meadow
voles were caught in the hay field over the entire two-year
study, we excluded the hay field from the site comparison
analysis. The meadow vole capture model was based on a
negative binomial distribution with a log link function.
We used Tukey-Kramer post hoc tests to test for pairwise
site-sampling time differences. We tested for differences
in meadow vole male-to-female, fecundity, and breedingto-non-breeding ratios over time using analysis of variance
(PROC GLM; SAS version 9.4, SAS Inc., Cary, NC, USA),
with Tukey-Kramer post hoc tests to assess pairwise time
differences.
RESULTS
We captured 463 individuals from six small mammal
species over two years, 96% of which were meadow
voles (n = 419; Table 1). We captured the majority of nonmeadow vole individuals (31 of 103 individuals [30%] in the
reconstructed prairie, 5 of 28 individuals [18%] in the old
field) in August 2015. Most individuals (64%), including all
shrews and the sole ermine (Mustela erminea), were captured
in the reconstructed prairie. Although our trapping effort
was similar across all sites, trapping yielded few captures
(2.2% of the total) in the hay field (Table 1). Botflies affected
one-third of meadow voles captured (11 of 33 individuals)
in the reconstructed prairie in August 2014 and one of 72
individuals in August 2015. At times, the 2014 infestations
were substantial; one female individual hosted 10 larvae and
had evidence of their successful emergence.
Meadow vole captures were similar between the old field
and reconstructed prairie at all times (Site F1,14 = 1.27, P
= 0.28). However, the effect of sampling time on meadow

LaFond et al. • Grassland Small Mammals

15

Table 1. Composition of small mammals captured in three differently managed grasslands of the Grand Forks Air Force Base, North
Dakota, USA, in summer 2014 and 2015. Numbers are the totals for each site across all sampling times.

Common Name (Scientific Name)

Reconstructed Prairie

Old field

Hay field

Meadow vole
(Microtus pennsylvanicus)

258

156

5

Deer/white-footed mouse
(Peromyscus spp.)

21

6

0

Meadow jumping mouse
(Zapus hudsonius)

0

1

0

Arctic shrew
(Sorex arcticus)

8

0

0

Masked/Hayden’s shrew
(Sorex spp.)

7

0

0

Ermine
(Mustela erminea)

1

0

0

Total

295

163

5

Trapline richness ± SE

1.33 ± 0.11

0.96 ± 0.07

vole captures differed among sites (Time F5,63 = 2.35, P =
0.051; Site × Time F5,63 = 3.91, P = 0.004; Fig. 2). Although
meadow vole captures were consistent over time in the
reconstructed prairie, in the old field we captured more
meadow voles in July 2015 than in June and August of 2014
(Fig. 2). Meadow vole captures were marginally and variably
affected by vegetation height density over time (VOR F1,63
= 2.91, P = 0.09; VOR × Site F1,63 = 0.73, P = 0.40; VOR ×
Time F5,63 = 2.01, P = 0.09; Fig. 3). The strongest positive
effects of VOR on meadow vole captures was in the second
year in the reconstructed prairie when the site had the
greatest variation in VOR (Fig. 3). During this period, tall
sweet clover (Melilotus officinalis) naturally increased in
abundance in two large patches between the first and second
year. Although meadow vole fecundity (F5,6 = 1.81, P = 0.25)
and breeding ratios (F5,6 = 0.38, P = 0.85) were consistent
over time, male-to-female ratios fluctuated over time (F5,6 =
7.32, P = 0.02). We captured more males relative to females
in June 2014 compared to June 2015 (Fig. 4).
DISCUSSION
Our capture results indicated that the prairie
reconstruction effort was effective at creating conditions
that support the grassland small mammals of the region.
Likewise, although the old field reclamation effort did not
include a diverse plant mixture, the old field supported

meadow voles at the same level as the reconstructed prairie.
In contrast, we only captured 2% of the total individuals in
the continuously managed hay field. Although this site was
the largest and had been in grassland cover the longest of all
the sites sampled, the haying management combined with the
area being the most low-lying site appears to be keeping it
from effectively serving as grassland small mammal habitat.
We captured half (7 of 13) of the grassland small
mammal species previously recorded in Grand Forks county
(Seabloom 2011). Although we would reasonably expect to
find northern short-tailed shrews (Blarina brevicauda) and
prairie voles (Microtus ochrogaster) (Iverson et al. 1967,
Yahner 1983, George et al. 1986, Stalling 1990, Seabloom
2011), we did not capture any and have not recorded them in
ongoing sampling efforts in nearby remnant grasslands (L.
R. LaFond, unpublished data). The remaining five species
previously recorded in the county, but not captured in our
study, include three relatively rare species (pygmy shrew,
western jumping mouse, and northern grasshopper mouse)
and two introduced pest species (house mouse and Norway
rat).
Our captures of the Arctic shrew and the ermine are
notable for the region. The Arctic shrew is a Level III
Species of Conservation Priority in North Dakota (Dyke et
al. 2015) and had not been documented on GFAFB in over
20 years (GFAFB 1994). Little is known about the species
regionally (Buckner 1966, Iverson et al. 1967, Kirkland
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Figure 2. Number (LS Mean ± 1 SE) of meadow voles (Microtus pennsylvanicus) captured per trapline in an old field and a
reconstructed prairie of Grand Forks Air Force Base, North Dakota, USA, in summer (June, July, and August) 2014 and 2015.
Means with different letters are significantly different (Tukey’s Post-Hoc test).

Figure 3. Effect of plant height density (visual obstruction reading; VOR) on meadow vole captures in an old field (a-b) and a
reconstructed prairie (c-d) in 2014 (a, c) and 2015 (b, d) of the Grand Forks Air Force Base, North Dakota, USA. Lines are model
predictions for VOR observations in each month.
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Figure 4. Ratio of male-to-female (LS Mean ± 1 SE) meadow voles (Microtus pennsylvanicus) in summer (June, July, and August)
2014 and 2015, summarized across an old field and reconstructed prairie grassland sites of the Grand Forks Air Force Base,
North Dakota, USA. Means above the solid line indicate sex ratios where males exceed females. Means with different letters are
significantly different (Tukey’s Post-Hoc test).
and Schmidt 1996, Perry et al. 2004), and it is listed as
uncommon and of unknown status by the North Dakota
Game and Fish Department (Dyke et al. 2015). However,
it is likely that Arctic shrews are widely distributed in the
Grand Forks county grasslands, as we have captured several
in ongoing studies in a nearby remnant grassland (L. R.
LaFond, unpublished data). The sole ermine captured was
not a target species and had not been previously observed
on GFAFB (Rundquist et al. 2005). Although not listed as a
Species of Conservation Priority, ermine are uncommon in
North Dakota and are found in areas of high small mammal
density (King 1983, Seabloom 2011).
As reported in other small mammal studies in the Great
Plains (Iverson et al. 1967, Grant and Birney 1979, Mihok
et al. 1985, Sietman et al. 1994, Richardson 2010, Mulligan
et al. 2013), meadow voles were the dominant species
and Peromyscus spp. were less abundant. In most cases,
Peromyscus spp. occur sporadically and in low numbers
in tallgrass prairie (Moretti and Schramm 1972, Getz and
Hofmann 1999), which may be because meadow voles
dominate interspecies interactions with Peromyscus spp.
(Reich 1981). Our Sorex spp. captures were also low, which
may be an outcome associated with our trapping methods.
Within our study, Sorex spp. captures were most likely
incidental as they fed on invertebrates (e.g., millipedes,

Eurymerodesmus spp.) attracted to the bait (Patric 1970).
Additionally, although Sherman live traps are presumed
effective at capturing Peromyscus spp., some have questioned
their effectiveness at capturing Sorex spp. (Williams and
Braun 1983, Mengak and Guynn Jr 1987). That said, this
outcome is consistent with previous studies that reported
low Sorex spp. numbers in unmanaged, burned, mowed, and
hayed grasslands (Tester and Marshall 1961, Kaufman and
Kaufman 1989, Neuhaus 2015).
Overall, meadow vole numbers were consistent between
years in the sites and fall within the range of values reported
in previous studies. Mihok (1984) found meadow vole
numbers ranging from 10 to 350 individuals per 3.24 ha and
Neuhaus (2015) reported from 7 to 69 individuals in 0.25
ha plots. The only temporal exception in our study was the
peak in meadow vole abundance in July 2015 in the old
field, which likely reflected a population fluctuation that is
common for the species. A 10-year study of meadow voles in
a 3.24-ha old-field found abundance to increase by more than
100 individuals with a four-week period (Mihok 1984). Such
within-season variation of voles has been well documented,
yet there is no firm understanding of the cause of these
fluctuations (Krebs et al. 1969, Mihok 1984, Mihok et al.
1985). The most recent hypotheses include a combination of
patterns of life history and age of sexual maturity (Oli and
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Dobson 2001).
We found that not all of the GFAFB grasslands serve small
mammals equally. Small mammals were least abundant in
the hay field, an outcome consistent with previous studies
that reported low small mammal diversity in intensively
hayed sites, presumably because of reduced cover and seed
and insect food sources (LoBue and Darnell 1959, Getz 1985,
Kaufman and Kaufman 2008). In contrast, the reconstructed
prairie had the greatest meadow vole numbers and a welldeveloped small mammal community. This could be due to
inputs from the shelterbelt and adjacent agricultural fields
but, presumably, this effect would have also occurred in the
hay field. In the old field and reconstructed prairie, captures
marginally increased with vegetation density (VOR), an
effect that was particularly notable in areas with higher
sweet clover cover (August 2015). Most likely, all captures
were affected additionally by litter depth and plant species
composition, site characteristics that we did not measure
in this study. These results reinforce the notion that not all
grassland serve small mammals equally and that fostering
heterogeneous management may be key to effectively
maintaining small mammal populations across landscapes
(Fuhlendorf et al. 2010).
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